ILLUSTRATIONS
Water from four wells completed in the Snake River Plain aquifer was sampled as part of the U.S. Geological Survey's quality-assurance program to evaluate the effect of filtration and preservation methods on strontium-90 concentrations in ground water at the INEL. The wells were selected for sampling on the basis of historical concentrations of strontium-90 in ground water. Water from each well was filtered through either a 0.45-or a 0.1-micrometer membrane filter; unfiltered samples also were collected. Two sets of filtered and two sets of unfiltered water samples were collected at each well. One set of water samples was preserved in the field to an approximate 2-percent solution with reagent-grade hydrochloric acid and the other set of samples was not acidified.
Laboratory analytical results showed strontium-90 concentrations that ranged from below the reporting level to 52±4 picocuries per liter.
Descriptive statistics were used to determine reproducibility between the analytical results for strontium-90 concentrations in water from each well. Analytical results were compared to the results from unfiltered, acidified samples at each well. Water from well 88 had strontium-90 results that were not in statistical agreement between the different filtration and preservation methods. The strontium-90 concentration for water from well 88 was below the reporting level.
For water from wells with strontium-90 concentrations at or above the reporting level, 94 percent or greater of the strontium-90 was in true solution or in colloidal particles smaller than 0.1 micrometer. These results suggest that within-laboratory reproducibility for strontium-90 in ground water at the INEL is not significantly affected by changes in filtration and preservation methods used for sample collection.
INTRODUCTION
The INEL (Idaho National Engineering Laboratory) comprises about 890 mi 2 of the eastern Snake River Plain in southeastern Idaho ( fig. 1) . The INEL was established in 1949 and is used by the U.S. Department of Energy to test nuclear reactors. The INEL is one of the main centers in the United States for developing the peacetime use of atomic energy, nuclearsafety research, defense programs, and development of advanced energy concepts.
Aqueous chemical and radioactive wastes generated at the INEL were discharged to ponds and wells from 1952 to 1983. Since 1983, most of the aqueous wastes have been discharged to unlined infiltration ponds. Many of the waste constituents enter the aquifer indirectly following percolation through the unsaturated zone; however, some constituents--including strontium-90--may be immobilized by interaction with minerals in the unsaturated zone.
From 1952 to 1988 about 140 Ci (curies) of strontium-90 were in liquid waste disposed at the INEL. As part of a cooperative program with the U.S. Department of Energy, the U.S. Geological Survey routinely samples ground water from 92 wells completed in the Snake River Plain aquifer and 40 wells completed in discontinuous perched-water zones at the INEL. These samples are analyzed for selected radionuclides, major and minor ions, and chemical and physical characteristics. Water samples for strontium-90 analyses are unfiltered and preserved to an approximate 2-percent solution with reagentgrade hydrochloric acid.
Purpose and Scope
As part of the U.S. Geological Survey's quality-assurance program, four wells were selected for water-sample collection and laboratory analyses for strontium-90 ( fig. 2 ). This study was done to determine the effect of filtration and preservation methods on strontium-90 concentrations in ground water and to determine if current collection procedures minimize loss by sorption of this radionuclide on the walls of sample containers. The four wells sampled were selected on the basis of historical concentrations of strontium-90 and on the presence or absence of organic complexing agents which may influence the solubility of strontium-90.
Geohydrologic Setting
The eastern Snake River Plain is a northeast-southwest trending structural basin about 200 mi long and 50 to 70 mi wide. The plain is underlain by a layered sequence of basaltic lava flows and cinder beds intercalated with alluvium and lakebed-sedimentary deposits. Individual lava flows range from 10 to 50 ft in thickness, although the average thickness may be from 20 to 25 ft (Mundorff and others, 1964, p. 143) . The sedimentary deposits consist mainly of lenticular beds of sand, silt, and clay, with lesser amounts of gravel. Locally, rhyolitic lava flows and tuffs are exposed at the land surface or occur at depth. The basaltic lava flows and intercalated sedimentary deposits combine to form the Snake River Plain aquifer. This aquifer is the main source of ground water on the plain (Mann, 1986, p. 4 
SAMPLING AND PRESERVATION METHODS
The methodology used in sampling for strontium-90 generally followed the guidelines established by the U.S. Geological Survey (Thatcher and others, 1977) . Some modifications were incorporated to determine the effects of changes in field-filtration and preservation procedures on strontium-90 concentrations. Six 500-mL (milliliter) polyethylene bottles were filled with water from each well. Acidified and unacidified pairs of samples were collected unfiltered, filtered through a 0.1 /im membrane filter, and filtered through a 0.45 pm membrane filter. Ten milliliters of reagent-grade hydrochloric acid were added to preserve the samples for strontium-90 analyses.
Samples were collected at four ground-water quality monitoring wells equipped with dedicated submersible pumps. For sample collection, a portable discharge line was attached at the well head. The line was 1.5 in. I.D. (inside diameter) galvanized steel pipe with a stainless steel sampling line attached at a T-joint so that excess discharge could be directed away from the sampling location. Brass valves were used at the well head and before the sampling line to aid in flow control. All pipes and fittings were rinsed with boiled, deionized water before they were attached at the well head. The lines then were flushed with sample water until the temperature, pH, and specific conductance of the water stabilized (Wood, 1981; Claassen, 1982) . When these measurements stabilized, indicating probable hydraulic and chemical stability, a water sample was collected.
Conditions at the well during sample collection were recorded in a field logbook. A chain-of-custody record was used to track samples from the time of collection until delivery to the analyzing laboratory.
ANALYTICAL METHODS
The beta-counting method was used to analyze for dissolved strontium-90 in water samples after a sequential chemical separation procedure that removed other fission products that could cause interference with this technique. This method is applicable for the determination of strontium-90 artificially introduced into water by nuclear-power and waste-disposal facilities. This method may be applicable to industrial wastes if recovery tests are performed to insure that organic matter does not keep the strontium-90 in solution. The chemical separation procedure and the betacounting method for strontium-90 concentrations were performed on all the water samples for this study as one group.
Strontium was precipitated from the sample, purified, and redissolved in nitric acid. After a 2-week ingrowth period, yttrium was precipitated from the strontium solution. The concentration of strontium-90 was determined by beta-counting its yttrium-90 daughter.
Strontium-85 tracer was added to each 400 mL water sample along with stable calcium and stable strontium carriers. After evaporation of the sample to 30-50 mL, strontium was precipitated as a carbonate. To further separate strontium from interferences, the strontium carbonate was dissolved, and strontium was reprecipitated as a nitrate using fuming nitric acid. The strontium nitrate was dissolved and any yttrium present was precipitated as yttrium hydroxide and then centrifuged. The supernatant containing the strontium was decanted into a counting bottle and gammacounted to determine the strontium yield. After 10 mg (milligram) of stable yttrium carrier were added, the sample was stored for 2 weeks to allow yttrium-90 ingrowth.
After the ingrowth period, yttrium was removed from the sample solution again as a hydroxide. The yttrium hydroxide was dissolved and yttrium was reprecipitated as an oxalate and filtered onto a glass-fiber filter of known weight. The yttrium yield was determined gravimetrically. The yttrium oxalate was beta-counted on a low-background, gas-flow, proportional counter. The concentration of strontium-90 was determined from the yttrium-90 beta counts. In the analysis for strontium-90, laboratory measurements are made on a target sample and a prepared blank. Instrument signals for the sample and the blank vary randomly. Therefore, it is essential to distinguish between two key aspects of the problem of detection: (1) the instrument signal for the sample must be greater than the signal observed for the blank to make the decision that strontium-90 was detected; and (2) an estimation must be made of the minimum strontium-90 concentration that will yield a sufficiently large observed signal to make the correct decision for detection or nondetection of strontium-90 most of the time. The first aspect of the problem is a qualitative decision based on an observed signal and a definite criterion for detection. The second aspect of the problem is an intuitive estimation of the detection capabilities of a given measurement process.
REPORTING OF STRONTIUM-
In the laboratory, instrument signals must exceed a critical level to make the qualitative decision whether strontium-90 was detected. Strontium-90 concentrations that equal 1.6s meet this criterion; at 1.6s, there is a 95 percent probability that the correct decision--not detected will be made. Given a large number of samples, up to 5 percent of the samples with measured concentrations greater than or equal to 1.6s, which were concluded as being detected, might not contain strontium-90. These measurements are referred to as false positives and are errors of the first kind in hypothesis testing.
Once the critical level of 1.6s has been defined, the minimum detectable concentration may be determined. Strontium-90 concentrations that equal 3s represent a measurement at the minimum detectable concentration.
For true concentrations of 3s or greater, there is a 95 percent or greater probability that strontium-90 was detected in a sample. Given a large number of samples, 5 percent of the samples with true concentrations equal to 3s, which were concluded as being non-detected, could contain strontium-90 at the minimum detectable concentration. These measurements are referred to as false negatives and are errors of the second kind in hypothesis testing.
True strontium-90 concentrations between 1.6s and 3s have larger errors of the second kind. That is, there is a greater than 5 percent probability of false negative results for samples with true concentrations between 1.6s and 3s. Although strontium-90 might have been detected, such detection may not be considered reliable; at 1.6s, the probability of a false negative is about 50 percent.
The critical level and minimum detectable concentration are based on counting statistics alone and do not include systematic or random errors inherent in laboratory procedures. The values, 1.6s and 3s, vary slightly with background or blank counts, and with the number of gross counts for individual analyses and for different selected radionuclides. In this report, if the strontium-90 concentration was less than 3s, the concentration was considered to be below a "reporting level". The use of the critical level, minimum detectable concentration, and reporting level aid the reader in the interpretation of analytical results and do not represent absolute concentrations of radioactivity which may or may not have been detected.
QUALITY ASSURANCE
Field quality assurance included eight blind replicates--samples collected at the same time and sent to the same laboratory with different identifiers--from well 112 ( fig. 2 ) and a blank sample consisting of boiled deionized water. Six of the blind replicates were analyzed for strontium-90 concentrations by the RESL (table 1) (all tables are located at the end of this report). One set of three samples was acidified and another set was unacidified. Each set of samples contained an unfiltered sample and two samples filtered with either a 0.1-or a 0.45-/jm filter. No statistical differences were identified between sets of blind replicates (table 2) , between the blind replicate sample from well 112 and the blind replicates for the alternative sampling methods (table 3) , or between primary samples and their blind replicates (table 4).
A blind replicate and a blank sample were analyzed for 36 purgeable organic compounds by the U.S. Geological Survey's NWQL (National Water Quality Laboratory) in Arvada, Colorado using U.S. Environmental Protection Agency Method 524. The results of the analyses are shown in table 5. The analytical results of the blind replicate and primary samples for well 112 (table 5) were essentially the same. The blank sample was free of purgeable organic compounds except for 0.2 /ig/L (micrograms per liter) of toluene, which is defined by the NWQL as the reporting level of the analytical method.
Another blind replicate for well 112 was submitted to the NWQL for analysis of DOC. The primary and replicate samples had identical DOC concentrations--0.4 mg/L. At the Eh-pH conditions in the Snake River Plain aquifer as indicated by the dissolved oxygen and pH data in table 6, strontium sulfate and strontium carbonate should be the predominant phases. These strontium phases are insoluble at these conditions (Brookins, 1988, p 166-167) .
Additionally, the absence of strong-organic complexing agents (tables 5 and 6, and Cleveland and Rees, 1982) x/y where R is the ratio of the concentrations of the comparison sample (x) to the unfiltered, acidified sample (y). 2 SR= R[(S ) 2 +(S ) 2 ] 0 -6 , where R is defined above, S is the reported IV X y X uncertainty as a decimal fraction of the analytical result for filtration and preservation method to be compared to the unfiltered, acidified sample, and S is the reported uncertainty as a decimal fraction of the analytical result for the unfiltered, acidified sample. 3 The statistical test for reproducibility is met if R-2SD<1.0<R+2SD .
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K. 3  3  3  3  3  3  3  3 figure 2 for location of wells. 2 Analyses by U.S. Geological Survey's National Water Quality Laboratory using U.S. Environmental Protection Agency Method 524. Analytical results are in micrograms per liter; < indicates that the reported value is less than the specified detection limit. 3 Quality assurance sample, replicate of well 112. 4 Quality assurance sample, blank sample containing boiled, deionized water. 
